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PROBLEM TO BE SOLVED: To provide a 
piezoelectric/electrostrictive film type actuator which can 
obtain a desired piezoelectric/electrostrictive 
characteristic by improving the adhesion between a thin 
ceramic substrate and a piezoelectric/electrostrictive film 
formed on the substrate an, at the same time, by making 
the piezoelectric/ eiectrostrictive film compact. 
SOLUTION: A piezoelectric/electrostrictive film type 
actuator is constituted by successively forming a first 
conductive film 2 composed of Pt, a second conductive 
film 3 composed of Pt-W, Pt-Rh, or Rh and having a 
higher melting point than the first conductive film 2 has 
or a second conductive film 3 composed of Pt-Au, Pt-Ag, 
or Pt-Pd and having a lower melting point than the first 

conductive film 2 has, a piezoelectric/electrostrictive film 4, and an electrode film 5 on 
ceramic substrate 1 and uniting the substrate 1 and films 2, 3, 4, and 5 in one body. 
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PROBLEM TO BE SOLVED: To provide a piezoelectric/electrostrictive 

film type 

actuator which can obtain a desired piezoelectric/electrostrictive 
characteristic by improving the adhesion between a thin ceramic 
substrate and a 

piezoelectric/electrostrictive film formed on the substrate an, at the 

same 

time, by making the piezoelectric/ electrostrictive film compact. 

SOLUTION: A piezoelectric/electrostrictive film type actuator is 
constituted 

by successively forming a first conductive film 2 composed of Pt, a 

second _ 



conductive film 3 composed of Pt-W, /Pt-Rhl or Rh and having a higher 
melting — -—^ 
point than the first conductive film 2 has or a second conductive film 



composed of Pt-Au, Pt-Ag, or\Pt-Pd\and having a lower melting point 



than the 

first conductive film 2 has, a piezoelectric/electrostrictive film 4, 
and an 

electrode film 5 on a thin ceramic substrate 1 and uniting the 
substrate 1 and 

films 2, 3, 4, and 5 in one body. 
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♦ NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The piezo-electricity / electrostriction membrane type actuator which forms the first electric 
conduction film which consists of Pt on the ceramic substrate of thin meat, carries out the laminating of 
the second electric conduction film which consists of Pt-W, Pt-Rh, Rh orPt-Au, Pt-Ag, orPt-Pd on this 
first electric conduction film, and comes to carry out the laminating unification of piezo-electricity / 
electrostriction film, and the electrode layer on this second electric conduction film one by one. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is suitable for an Inkjet recording head, a microphone, an 
oscillating object, an oscillation object, various displacement sensors, a pump, a switch, etc. about the 
piezo-electricity / electrostriction membrane type actuator which comes to carry out the laminating 
unification of piezo-electricity / electrostriction film, and the electrode layer one by one through the 
second electric conduction film which consists of the first electric conduction film which consists of Pt 
on the ceramic substrate of thin meat, and an alloy containing Pt. 
[0002] 

[Description of the Prior Art] In recent years, in the precision processing field or the optical field, the 
position control in submicron order is called for and the piezo-electricity / electrostriction membrane 
type actuator using the phenomenon of the variation rate based on the inverse piezolectric effect and 
electrostrictive effect which happen when electric field are added to this position control at piezo- 
electricity / electrostriction ingredients, such as a ferroelectric, or its reverse are used. 
[0003] For example, in the Inkjet recording head, piezo-electricity / electrostriction membrane type 
actuators, such as a uni-morph mold and a bimorph mold, are used, and properties, such as a 
miniaturization, densification, low-battery actuation, and high-speed responsibility, are demanded. 
[0004] This actuator is what is called a uni-morph mold so that the structure of common piezo- 
electricity / electrostriction membrane type actuator to drawing 4 may be shown. While forming the 
bottom electrode layer 6 which consists of Pt with high this ceramic substrate 1 and adhesion on the 
insulating ceramic substrate 1 of thin meat On this bottom electrode layer 6, PZT, magnesium niobic 
acid lead, There were some which carried out the laminating of the piezo-electricity / the electrostriction 
film 4 which consists of piezoelectric material, such as nickel niobic acid lead and antimony tin lead, 
and carried out the laminating unification of the upside electrode layer 5 which consists of refractory 
metals, such as Pt, Pd, and Rh, on above-mentioned piezo-electricity / electrostriction film 4 further 
(refertoJP,6-260694,A). 

[0005] The thing in which the piezo-electricity / electrostriction actuator 7 which consists of the bottom 
electrode layer 6, piezo-electricity / electrostriction film 4, and an upside electrode layer 5 were formed 
on such a ceramic substrate 1 had the advantage that the big crookedness displacement by the transversal 
effect which is electric-field induction distortion was obtained while having high-speed responsibility by 
low-battery actuation. 

[0006] However, if the laminating unification of direct piezo-electricity / the electrostriction film 4 is 
carried out on the bottom electrode layer 6 which consists of Pt since ebumation of piezo-electricity / the 
electrostriction film 4 cannot fully be carried out, even if it energizes to the bottom electrode layer 6 and 
the upside electrode layer 5 and makes piezo-electricity / electrostriction film 4 generate electric-field 
induction distortion, desired piezo-electricity / electrostriction property obtain ~ not having - big 
crookedness ~ the technical problem that a variation rate was not obtained occurred. 
[0007] 
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[Means for Solving the Problem] Then, when these artificers inquire about the cause to which 
ebumation of the piezo-electricity / the electrostriction film which carried out the laminating on the 
electric conduction film which consists of Pt cannot be carried out, they set to the heat-treatment- 
temperature field (900-1300 degrees C) of the piezo-electricity / electrostriction film which consists of 
the above-mentioned piezoelectric material. The knowledge of the ability not to carry out [ since 
adhesion with the electrode layer which consists of piezoelectric material which constitutes piezo- 
electricity / electrostriction film, and Pt is high, contraction of piezoelectric material is checked, 
consequently ] the ebumation of piezo-electricity / the electrostriction film was carried out. 
[0008] About the piezo-electricity / electrostriction membrane type actuator with which this artificer 
fully does ebumation of piezo-electricity / the electrostriction film, and desired piezo-electricity / 
electrostriction property are acquired, when research is repeated further wholeheartedly, and between the 
electric conduction film, and the piezo-electricity / electrostriction film which consists of Pt It traced that 
ebumation of piezo-electricity / the electrostriction film was carried out, and desired piezo-electricity / 
electrostriction property could be demonstrated by making the low electric conduction film of the 
melting point intervene from the electric conduction film which the high electric conduction film of the 
melting point is made to intervene from the electric conduction film which consists of Pt, or becomes 
reverse from Pt. 

[0009] Namely, this invention forms the first electric conduction film which consists of Pt on the 
ceramic substrate of thin meat. On this first electric conduction film, Pt-W with the melting point higher 
than the first electric conduction film, Pt-Rh, Pt-Au with the melting point lower than the second electric 
conduction film or the above-mentioned first electric conduction film which consists of either of the Rh 
(s). The laminating of the second electric conduction film which consists of Pt-Ag or Pt-Pd is carried 
out, the laminating unification of piezo-electricity / electrostriction film, and the electrode layer is 
carried out one by one on this second electric conduction film, and piezo-electricity / electrostriction 
membrane type actuator is constituted. 
[0010] 

[Function] According to the invention in this application, since the first electric conduction film which 
consists of Pt is formed on the ceramic substrate of thin meat, even if it can raise adhesion with a 
ceramic substrate and makes piezo-electricity / electrostriction film drive, the first electric conduction 
film does not exfoliate from a ceramic substrate. 

[001 1] According to this invention, on the first electric conduction film which consists of the above Pt 
Moreover, Pt-W with the melting point higher than the first electric conduction film, Piezo-electricity / 
electrostriction film through the second electric conduction film which consists of Pt-Rh or Rh [ whether 
laminating unification is carried out and ] Or since the laminating unification of piezo-electricity / the 
electrostriction film has been carried out through the second electric conduction film which consists of 
Pt-Au with the melting point lower than the first electric conduction film, Pt-Ag, or Pt-Pd on the first 
electric conduction film which consists of the above Pt, ebumation of piezo-electricity / the 
electrostriction film can be carried out. Namely, by using one of the metals and alloys of Pt-W with the 
melting point higher than the first electric conduction film, Pt-Rh, and Rh as the second electric 
conduction film Since the adhesion force of the piezoelectric material and the second electric conduction 
film which constitute piezo-electricity / electrostriction film can be reduced in the heat-treatment- 
temperature field (900-1300 degrees C) of piezo-electricity / electrostriction film, become easy to 
contract piezoelectric material. By being able to cany out ebumation of piezo-electricity / the 
electrostriction film, and using one alloy of Pt-Au vwth the melting point lower than the first electric 
conduction film, Pt-Ag, and Pt-Pd as the second electric conduction film In the heat-treatment- 
temperature field (900-1300 degrees C) of piezo-electricity / electrostriction film, since softening or 
rigidity can be reduced, piezoelectric material becomes easy to contract the front face of the second 
electric conduction film, and ebumation of piezo-electricity / the electrostriction film can be carried out. 
[0012] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained. In 
addition, the same sign shows the same part as drawing 4, 
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[0013] Drawing 1 is the perspective view showing an example of the piezo-electricity / electrostriction 
membrane type actuator of this invention. This actuator is called a uni-morph mold and forms the first 
electric conduction film 2 which consists of Pt on the ceramic substrate 1 of thin meat. On this first 
electric conduction film 2, Pt-W with the melting point higher than the first electric conduction film 2, 
Pt-Rh, Carry out the laminating of the second electric conduction film 3 which consists of either of the 
Rh(s), or on the above-mentioned first electric conduction film 2 Pt-Au with the melting point lower 
than the first electric conduction film 2, After carrying out the laminating of the second electric 
conduction film 3 which consists of Pt-Ag or Pt-Pd and carrying out the laminating of piezo-electricity / 
the electrostriction film 4 on this second electric conduction film 3, it is what carried out the laminating 
of the electrode layer 5 on piezo-electricity / electrostriction film 4, and each film 2-5 carries out 
laminating unification one by one on a ceramic substrate 1 by heat treatment. 
[0014] Moreover, drawing 2 is the perspective view showing other examples of the piezo-electricity / 
electrostriction membrane type actuator of this invention, and this actuator is what is called a bimorph 
mold. The first electric conduction film 2 which consists of Pt is formed in the vertical side of the 
ceramic substrate 1 of thin meat. On this first electric conduction film 2, Pt-W with the melting point 
higher than the first electric conduction film 2, Pt-Rh, Carry out the laminating of the second electric 
conduction film 3 which consists of either of tiie Rh(s), or on the above-mentioned first electric 
conduction film 2 Pt-Au with the melting point lower than the first electric conduction film 2, After 
carrying out the laminating of the second electric conduction film 3 which consists of Pt-Ag or Pt-Pd 
and carrying out the laminating of piezo-electricity / the electrostriction film 4 on this second electric 
conduction film 3, it is what carried out the laminating of the electrode layer 5 on piezo-electricity / 
electrostriction film 4, and each film 2-5 carries out laminating unification one by one on a ceramic 
substrate i by heat treatment. 

[0015] In the piezo-electricity / electrostriction membrane type actuator shown in drawing 1 and 
drawing 2 , as construction material which constitutes a ceramic substrate 1 Alumina ceramics, silicon 
carbide ceramics, the silicon nitride ceramics. The ceramics which has the crystal structure of perovskite 
molds, such as zirconia ceramics or a lanthanum chromite system, can be used. Since the ceramics 
which has the crystal structure of zirconia ceramics and a perovskite mold also especially in these has 
few reactions with the first electrode layer 2 which consists of Pt, Since the constituent of a ceramic 
substrate 1 can prevent being spread on the piezo-electricity / electrostriction film 4 which carries out a 
laminating on the first electric conduction film 2, the property of piezo-electricity / electrostriction film 
4 is not degraded. 

[0016] In addition, what is necessary is to use the first electric conduction film 2 and/or the first electric 
conduction film 3 as a bottom electrode, when a ceramic substrate 1 is the insulating ceramics in making 
piezo-electricity / electrostriction film 4 drive, and just to let a ceramic substrate 1 be a bottom electrode, 
in being the ceramics with which a ceramic substrate 1 has conductivity. 

[0017] moreover, as construction material which constitutes the piezo-electricity / electrostriction film 4 
which generates electric-field induction distortion The ingredient which uses PZT (PZT system) as a 
principal component, the ingredient which uses magnesium niobic acid lead (PMN system) as a 
principal component. The ingredient which uses nickel niobic acid lead as a principal component, the 
ingredient which uses antimony stannic-acid lead as a principal component. The ingredient which uses 
lead titanate as a principal component, the ingredient which uses barium titanate as a principal 
component, Furthermore, the composite material of these principal components etc. can be used. It is 
. desirable to fonm with the ingredient which uses as a principal component the ingredient or nickel niobic 
acid lead which uses magnesium niobic acid lead, lead zirconate, and lead titanate as a principal 
component preferably, magnesium niobic acid lead, lead zirconate, and lead titanate. 
[0018] Furthermore, as construction material of the electrode layer 5 which carries out a laminating, the 
electrode material which uses alloys, such as refractory metals, such as Pt, Au, Pb, and Rh, and Pt-Au, 
Pb-Ag, R-Pb, as a principal component can be used on piezo-electricity / electrostriction film 4. 
[0019] And it is important for the first electric conduction film 2 formed on the above-mentioned 
ceramic substrate 1 to use Pt. Since Above Pt is excellent in adhesion with a ceramic substrate 1 as 
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compared with other refractory metals, even if it makes piezo-electricity / electrostriction film 4 drive 
and carries out the crookedness variation rate of the ceramic substrate 1, it does not exfoliate. 
[0020] Moreover, it is important to make the second electric conduction film 3 which the second electric 
conduction film 3 which consists of Pt-W with the melting point higher than the first electric conduction 
film 2, Pt-Rh, or Rh is made to intervene between the first electric conduction film 2, and the piezo- 
electricity / electrostriction film 4 which consists of the above Pt, or consists of Pt-Au with the melting 
point lower than the first electric conduction film 2, Pt-Ag, or Pt-Pd intervene. 
[0021] By namely, the thing established for the high second electric conduction film 3 of the melting 
point from Pt on the first electric conduction film 2 which consists of Pt In order to carry out ebumation 
of the piezo-electricity / the electrostriction film 4 formed on the above-mentioned second electric 
conduction film 3, even if it adds heat treatment Since the front face of the first electric conduction film 
2 does not soften or rigidity does not fall in the heat-treatment-temperature field (900-1300 degrees C) 
of said piezoelectric material, Since the adhesion force between the piezoelectric material and the 
second electric conduction film 3 which constitute piezo-electricity / electrostriction film 4 becomes 
small and it becomes easy to contract piezoelectric material, By being able to carry out ebumation of 
piezo-electricity / the electrostriction film 4, and forming the low second electric conduction film 3 of 
the melting point fi-om Pt on another side and the first electric conduction film 2 which consists of Pt If 
heat treatment is added in order to carry out ebumation of the piezo-electricity / the electrostriction film 
4 formed on the above-mentioned second electric conduction film 3 Since the front face of the first 
electric conduction film 2 can be softened greatly or rigidity can be greatly reduced in the heat- 
treatment-temperature field (900-1300 degrees C) of said piezoelectric material, it becomes easy to 
contract the piezoelectric material which constitutes piezo-electricity / electrostriction film 4, and 
ebumation of piezo-electricity / the electrostriction film 4 can be carried out. 
[0022] And since each of Pt-W with the melting point higher than Pt, Pt-Rh, Rh or Pt-Au with the 
melting point lower than Pt, Pt-Ag, and Pt-Pd.serves as an alloy containing Pt, or Pt from Rh which is 
easy to get used, it can raise adhesion with the first electric conduction film 2. 
[0023] while desired piezo-electricity / electrostriction property can be acquired and it will be low- 
battery actuation, if piezo-electricity / electrostriction film 4 is made to drive since ebumation of piezo- 
electricity/the electrostriction film 4 can be carried out even if it uses the second electric conduction 
film 3 which consists of which constmction material for the reason ~ big crookedness ~ the piezo- 
electricity / electrostriction membrane type actuator with which a variation rate is obtained can be 
obtained. 

[0024] In order to acquire such effectiveness, as the second electric conduction film 3 However, Pt-W 
with the melting point higher than Pt, What has the melting point higher 50 degrees C or more than Pt 
which constitutes the first electric conduction film 2 when using Pt-Rh and Rh is desirable. Moreover, 
when using Pt-Au with the melting point lower than Pt, Pt-Ag, and Pt-Pd as the second electric 
conduction film 3, what. has the melting point lower than Pt which constitutes the first electric 
conduction film 2 in the range which is 30-400 degrees C is desirable. 

[0025] Moreover, in order to make electric-field induction distortion generated with piezo-electricity / 
electrostriction film 4 transmit to a ceramic substrate 1 efficiently and to carry out a crookedness 
variation rate as a design, it is good to set preferably 1-5 micrometers of sum total thickness width of 
face of the first electric conduction film 2 and the second electric conduction film 3 to 3-4 micrometers. 
When the sum total thickness width of face of these electric conduction film 2 and 3 becomes thicker 
than 5 micrometers, it is because the electric-field induction distortion of piezo-electricity / 
electrostriction film 4 is absorbed by the electric conduction film 2 and 3, so the crookedness variation 
rate of the ceramic substrate 1 of thin meat cannot be carried out as a design. On the contrary, formation 
of the electric conduction film 2 and 3 which had uniform thickness width of face in less than 1 
micrometer is difficult, and it is because piezo-electricity / electrostriction property is degraded when 
there is a pinhole etc. 

[0026] By the way, in order to manufacture the piezo-electricity / electrostriction membrane type 
actuator shown in drawing 1 or drawing 2 The ceramic substrate 1 of the thin meat which consists of 
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said ceramic ingredient sintered beforehand is prepared, one principal plane or vertical side of this 
substrate 1 - the paste and slurry of Pt - screen printing and DIPINNGU - law - Or after forming the 
first electric conduction film 2 which lays by the film means forming of common knowledge, such as 
spreading, heat-treats at the temperature of 500-1400 degrees C, and consists of Ft, On this first electric 
conduction film 2, the alloy of Pt-W or Pt-Rh with the melting point higher than Pt, or the paste and 
slurry of Rh ~ screen printing and DIPINNGU — law - By the film means forming of common 
knowledge, such as spreading, laying, and heat-treating in a 1000-1800-degree C temperature 
requirement, or Pt-W, Cany out the laminating of the second electric conduction film 3 which consists 
of Pt-Rh or Rh, or on the above-mentioned first electric conduction film 2 Pt-Au with the melting point 
lower than Pt, the paste and slurry of an alloy of Pt-Ag and Pt-Pd - screen printing and DIPINNGU - 
law ~ Or the film means forming of common knowledge, such as spreading, lays, and the laminating of 
the second electric conduction film 3 which consists of Pt-Au, Pt-Ag, or Pt-Pd is carried out by heat- 
treating in a 500-1300-degree C temperature requirement. Furthenmore, said piezoelectric material 
which constitutes piezo-electricity / electrostriction film 4 on the above-mentioned second electric 
conduction film 3 (it PZT(s)) the paste and slurry containing PMN etc. - screen printing and 
DIPINNGU - the film means forming of common knowledge, such as law or spreading, laying, and, 
after carrying out the laminating of piezo-electricity / the electrostriction film 4 by heat-treating at the 
temperature of 1 100-1400 degrees C the paste and slurry containing said electrode material which 
fiirthermore constitutes an electrode layer 5 on piezo-electricity / electrostriction film 4 — screen printing 
and DIPINNGU, after the film means forming of common knowledge, such as law or spreading, lays 
What is necessary is just to carry out the laminating unification of the electrode layer 5 by heat-treating 
at the temperature of 500-1200 degrees C. 

[0027] since good piezo-electricity / electrostriction property can be demonstrated in this way from 
piezo-electricity / electrostriction film 4 having sintered nearly precisely thoroughly according to the 
piezo-electricity / the electrostriction membrane type actuator of this invention, while it is low-battery 
actuation - the big crookedness as a design - while a variation rate is obtained, a speed of response can 

be raised. 

[0028] If the piezo-electricity / electrostriction membrane type actuator of this invention are used for 
example, for an ink jet recording head for the reason, while being able to raise the discharge quantity of 
ink, printing speed can be sped up and it can be suitably used for others also as a microphone, an 
oscillating object, an oscillation object, various displacement sensors, a pump, a switch, etc. 
[0029] (Example) The example of the piezo-electricity / electrostriction membrane type actuator shown 
in drawing 1 is explained hereafter. 

[0030] (Example 1) as the ceramic substrate 1 of thin meat - Y2 03 [ with a mean particle diameter of 
0.2 micrometers ] three-mol% - partial stabilization Zr02 to contain After adding to powder the binder 
which uses an acrylic ester copolymer aquosity emulsion as a principal component and mixing with a 
ball mill for 20 hours, it fabricated in the shape of a tape, and tiie ceramic substrate 1 which it calcinates 
at 1200-1400 degrees C for 1 to 5 hours, and thickness becomes from the zirconia ceramics which are 
about 0.2mm was manufactured. And the paste of Pt which made Pt whose mean particle diameter is 1 
micrometer contain 69% of the weight to an organic substance binder is laid with screen printing on this 
ceramic substrate 1 using platemaking with an emulsion thickness of 6 micrometers. The laminating of 
the first electric conduction film 2 with which it calcinates at the temperature of 1200 degrees C for 2 
hours, and thickness consists of Pt which is about 3 micrometers is carried out. Subsequently, on the 
first electric conduction film 2 which consists of Pt, the paste of Pt-Rh which made the alloy of Pt(90 % 
of the weight)-Rh (10 % of the weight) whose mean particle diameter is 1 micrometer contain 52% of 
the weight to an organic substance binder is laid with screen printing using platemaking with an 
emulsion thickness of 6 micrometers. It calcinates at the temperature of 1300 degrees C for 2 hours, the 
laminating of the second electric conduction film 3 which consists of Pt(90 % of the weight)-Rh (10 % 
of the weight) with a thickness of about 2 micrometers is carried out, and it is [ as opposed to / 
subsequently / an organic substance binder ] titanic-acid lead zirconate (Following PZT is called.) of 
about 1 micrometer of mean diameters. The paste made to contain 70% of the weight was laid with 
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screen printing, it calcinated at 1250 degrees C for 2 hours, and the piezo-electricity / electrostriction 
film 4 whose thickness is about 14 micrometers were formed. The paste which made Au contain to an 
organic substance binder on the piezo-electricity / electrostriction film 4 which fiirthermore consists of 
the above PZT is laid with screen printing, baking is performed for 15 minutes at 700 degrees C, and it 
is 0.8 micrometers in thickness. The piezo-electricity / electrostriction membrane type actuator which 
forms an electrode layer 5 and is shown in drawing 1 were produced. 

[0031] And while measuring the specific inductive capacity of the piezo-electricity / electrostriction film 
4 which constitutes this actuator, the precise condition of piezo-electricity / electrostriction film 4 was 
compared with the authentic sample. In addition, an authentic sample is what formed the golden 
electrode with a thickness of 0.8 micrometers in the vertical side of the ceramic plate which consists of 
the same presentation as piezo-electricity / electrostriction film 4, respectively. While checking the 
precise condition of piezo-electricity / electrostriction film 4 by measuring the crystallized state of the 
piezo-electricity / electrostriction film 4 of this authentic sample, and a piezo-electricity / electrostriction 
membrane type actuator with an electron microscope, and measuring and comparing the particle 
diameter of each PZT particle Specific inductive capacity was computed from the electrostatic capacity 
measured with the impedance analyzer. 

[0032] Consequently, since the growth condition of a PZT particle was equivalent to the authentic 
sample as seen in a table 1, sintering of piezo-electricity / electrostriction film 4 came out enough, and a 
certain thing has been checked. For the reason, the specific inductive capacity of piezo-electricity / 
electrostriction film 4 was also approximated with the authentic sample, and it has checked that desired 
piezo-electricity / electrostriction property were acquired. And the first electric conduction film 2 and a 
ceramic substrate 1 have sufficient adhesion, and did not exfoliate. 



:0033] 
A table 1 


1 




PZT 

( un) 


mm 




2. 7 


2 8 2 0 




3. 1 


3 2 0 0 



[0034] The construction material of the second electric conduction film 3 Next, the alloy of Rh (100 % 
of the weight) and Pt(98 % of the weight)-Rh (2 % of the weight), (Example 2) It replaced with the alloy 
of Pt(95 % of the weight)-Rh (5 % of the wei^t), the alloy of Pt(98 % of the weight)-W (2 % of the 
weight), the alloy of Pt(96 % of the weight)-W (4 % of the weight), and the alloy of Pt(92 % of the 
weight)-W (8 % of the weight), and the same experiment as an example 1 was conducted. Moreover, it 
experimented by preparing the piezo-electricity / electrostriction membrane type actuator which made 
only the second electric conduction film 3 which consists of an alloy of Pt(92 % of the weight)-W (8 % 
of the weight) intervene between the piezo-electricity / electrostriction membrane type actuators, and the 
ceramic substrates 1, and the piezo-electricity / electrostriction film 4 which made only the first electric 
conduction film 2 which consists of Pt intervene between a ceramic substrate 1, and the piezo- 
electricity / electrostriction film 4 as an example of a comparison. 
[0035] Each result is as being shown in a table 2. 

[0036] Consequently, the particle size of the PZT particle which constitutes piezo-electricity / 
electrostriction film 4 was small as compared vwth the authentic sample, and since sample No.7 which 
have only the first electric conduction film 2 which consists of Pt were not fully sintered, ebumation of 
them was not carried out, consequently specific inductive capacity was small [ seven ] compared with 
1570 and an authentic sample. 

[0037] Moreover, although the particle size of the PZT particle which constitutes piezo-electricity / 
electrostriction film 4 is a diameter of said mostly with an authentic sample and ebumation of the 
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sample No.8 which have only the second electric conduction film 3 which consists of a Pt-W alloy was 
fully carried out, since adhesion with a ceramic substrate 1 was bad, the second electric conduction film 

3 exfoliated. 

[0038] On the first electric conduction film 2 which consists of Ft, on the other hand, Rh with the 
melting point higher than Ft (100 % of the weight), The alloy of Pt(98 % of the weight)-Rh (2 % of the 
weight), the alloy of Pt(98 % of the weight)-W (2 % of the weight). The particle size of the PZT particle 
from which each sample No. 1-6 which has the second electric conduction film 3 which consists of an 
alloy of Pt(96 % of the weight)-W (4 % of the weight) and an alloy of Pt(92 % of the weight)-W (8 % of 
the weight) constitutes piezo-electricity / electrostriction film 4 is a diameter of said mostly with an 
authentic sample. Ebumation is fully carried out, so, the specific inductive capacity of the piezo- 
electricity / electrostriction film 4 of each sample was also approximated with the authentic sample, and 
it has checked that desired piezo-electricity / electrostriction property were acquired. And in the ceramic 
substrate 1 side, it had sufficient adhesion from having the first electric conduction film 2 which consists 
ofPt- 
0039] 

A table 2] 











PZT ti^a 

( un) 






I 


p I 

(1 0 0) 


Rh(lBO) . 


19 6 3 


3. 1 


2 8 7 0 


o 


2 


Pt(g8)-Rh{2) 


17 9 0 


2. 5 


2 Q 9 0 


o 


3 


Pl(95}-Rh(5) 


18 4 0 


2. 7 


2 8 2 0 


o 


4 


Pt(98)-W(2) 


1 B 0 0 


2. 4 


2 0 8 5 


o 


5 


Pt(g6)-H(4) 


18 3 0 


2. 7 


2 7 5 0 


o 


6 


Pl(92)-»CB> 


18 10 


2, 9 


2 8 8 0 


o 








L. 8 


157 0 


o 






Pt{86)-»(8) 


19 10 


2. 8 




X 


m 








3. 1 


3 2 0 0 


O 



[0040] (Example 3) Next, the example of other piezo-electricity / electrostriction membrane type 
actuators which are shown in drawing 1 is explained, as the ceramic substrate 1 of thin meat - Y2 03 
[ with a mean particle diameter of 0.2 micrometers ] three-mol% — partial stabilization Zr02 to contain 
After adding to powder the binder which uses an acrylic ester copolymer aquosity emulsion as a 
principal component and mixing with a ball mill for 20 hours, it fabricated in the shape of a tape, and the 
ceramic substrate 1 which it calcinates at 1200-1400 degrees C for 1 to 5 hours, and thickness becomes 
from the zirconia ceramics which are about 0.2mm was manufactured. And the paste of Pt which made 
Pt whose mean particle diameter is 1 micrometer contain 69% of the weight to an organic substance 
binder is laid with screen printing on this ceramic substrate 1 using platemaking with an emulsion 
thickness of 6 micrometers. The laminating of the first electric conduction film 2 with which it 
calcinates at the temperature of 1200 degrees C for 2 hours, and thickness consists of Pt which is about 3 
micrometers is carried out. Subsequently, on the first electric conduction film 2 which consists of Pt, the 
paste of Pt-Au which made the Pt(98 % of the weight)- Au (2 % of the weight) alloy whose mean 
particle diameter is 1 micrometer contain 52% of the weight to an organic substance binder is laid with 
screen printing using platemaking with an emulsion thickness of 6 micrometers. It calcinates at the 
temperature of 1 100 degrees C for 2 hours, the laminating of the second electric conduction film 3 
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which consists of Pt(98 % of the weight)-Au (2 % of the weight) with a thickness of about 2 
micrometers is carried out, and it is [ as opposed to / subsequently / an organic substance binder ] 
titanic-acid lead zirconate (Following PZT is called.) of about 1 micrometer of mean diameters. The 
paste made to contain 70% of the weight was laid with screen printing, it calcinated at 1250 degrees C 
for 2 hours, and the piezo-electricity / eiectrostriction film 4 whose thickness is about 14 micrometers 
were formed. The paste which made Au contain to an organic substance binder on the piezo-electricity / 
eiectrostriction film 4 which furthermore consists of the above PZT is laid with screen printing, baking 
is performed for 15 minutes at 700 degrees C, and it is 0.8 micrometers in thickness. The piezo- 
electricity / eiectrostriction membrane type actuator which forms an electrode layer 5 and is shown in 
drawing 1 were produced. 

[0041] And while measuring the specific inductive capacity of the piezo-electricity / eiectrostriction film 
4 which constitutes this actuator, the precise condition of piezo-electricity / eiectrostriction film 4 was 
compared with the authentic sample. In addition, an authentic sample is what formed the golden 
electrode with a thickness of 0.8 micrometers in the vertical side of the ceramic plate which consists of 
the same presentation as piezo-electricity / eiectrostriction film 4, respectively. While checking the 
precise condition of piezo-electricity / eiectrostriction film 4 by measuring the crystallized state of the 
piezo-electricity / eiectrostriction film 4 of this authentic sample, and a piezo-electricity / eiectrostriction 
membrane type actuator with an electron microscope, and measuring and comparing the particle 
diameter of each PZT particle Specific inductive capacity was computed from the capacitor capacity 
measured with the impedance analyzer. 

[0042] Consequently, since the growth condition of a PZT particle was equivalent to the authentic 
sample as seen in a table 3, sintering of piezo-electricity / eiectrostriction film 4 came out enough, and a 
certain thing has been checked. For the reason, the specific inductive capacity of piezo-electricity / 
eiectrostriction film 4 was also approximated with the authentic sample, and it has checked that desired 
piezo-electricity / eiectrostriction property were acquired. And the first electric conduction film 2 and a 
ceramic substrate 1 have sufficient adhesion, and did not exfoliate. 



;0043] 
A table 2 


n 




PZT m-^ 

( um) 


mm 




2. 7 


2 8 7 0 




3. 1 


3 2 0 0 



[0044] The construction material of the second electric conduction film 3 Next, the alloy of Pt(95 % of 
the weight)- Au (5 % of the weight), (Example 4) The alloy of Pt(90 % of the weight)- Au (10 % of the 
weight), the alloy of Pt(98 % of the weight)-Ag (2 % of the weight). The alloy of Pt(95 % of the 
weight)- Ag (5 % of the weight), the alloy of Pt(90 % of the weight)-Ag (10 % of the weight). It replaced 
with the alloy of Pt(90 % of the weight)-Pd (10 % of the weight), the alloy of Pt(85 % of the weight)-Pd 
(15 % of the weight), and the alloy of Pt(80 % of the weight)-Pd (20 % of the weight), and the same 
experiment as an example 1 was conducted. Moreover, it experimented by preparing the piezo- 
electricity / eiectrostriction membrane type actuator which made only the second electric conduction 
film 3 which consists of an alloy of Pt(95 % of the weight)-Au (5 % of the weight) intervene between 
the piezo-electricity / eiectrostriction membrane type actuators, and the ceramic substrates 1, and the 
piezo-electricity / eiectrostriction film 4 which made only the first electric conduction film 2 which 
consists of Pt intervene between a ceramic substrate 1, and the piezo-electricity / eiectrostriction film 4 
as an example of a comparison. 
[0045] Each result is as being shown in a table 4. 

[0046] Consequently, the particle size of the PZT particle which constitutes piezo-electricity / 
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electrostriction film 4 was small as compared with the authentic sample, and since sample No. 19 which 
have only the first electric conduction film 2 which consists of Pt were not fully sintered, ebumation of 
them was not carried out, consequently specific inductive capacity was small [ 19 ] compared with 1570 
and an authentic sample. 

[0047] Moreover, although the particle size of the PZT particle which constitutes piezo-electricity / 
electrostriction film 4 is a diameter of said mostly with an authentic sample and ebumation of the 
sample No.20 which have only the second electric conduction film 3 which consists of a Pt-W alloy was 
fully carried out, since adhesion with a ceramic substrate 1 was bad, the second electric conduction film 
3 exfoliated. 

[0048] On the first electric conduction film 2 which consists of Pt, on the other hand, the alloy of Pt(95 
% of the weight)-Au (5 % of the weight) with the melting point lower than Pt, The alloy of Pt(90 % of 
the weight)-Au (10 % of the weight), the alloy of Pt(98 % of the weight)-Ag (2 % of the weight), The 
alloy of Pt(95 % of the weight)-Ag (5 % of the weight), the alloy of Pt(90 % of the weight)-Ag (10 % of 
the weight). The alloy of Pt(90 % of the weight)-Pd (10 % of the weight), the alloy of Pt(85 % of the 
weight)-Pd (15 % of the weight). The particle size of the PZT particle from which each sample No. 11- 
18 using the second electric conduction film 3 which consists of an alloy of Pt(80 % of the weight)-Pd 
(20 % of the weight) constitutes piezo-electricity / electrostriction film 4 is a diameter of said mostly 
with an authentic sample. Ebumation is fully carried out, so, the specific inductive capacity of the piezo- 
electricity / electrostriction film 4 of each sample was also approximated v^th the authentic sample, and 
it has checked that desired piezo-electricity / electrostriction property were acquired. And in the ceramic 
substrate 1 side, it had sufficient adhesion from having the first electric conduction film 2 which consists 
ofR 
[0049] 
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3. 1 


3 2 0 0 


0 



[0050] 

[Effect of the Invention] As mentioned above, according to this invention, the first electric conduction 
film which consists of Pt is formed on the ceramic substrate of thin meat. On this first electric 
conduction film, Pt-W with the melting point higher than the first electric conduction film, Pt-Rh, Cany 
out the laminating of the second electric conduction film which consists of Rh, or on the above- 
mentioned first electric conduction film Or Pt-Au with the melting point lower than the first electric 
conduction film, From having carried out the laminating of the second electric conduction film which 
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consists of Pt-Ag or Pt-Pd, having carried out the laminating unification of piezo-electricity / 
electrostriction film, and the electrode layer one by one on this second electric conduction film, and 
having constituted piezo-electricity / electrostriction membrane type actuator since ebumation of piezo- 
electricity / the electrostriction film 4 can be carried out also in any, while desired piezo-electricity / 
electrostriction property can be acquired and it is low-batteiy actuation - big crookedness, while being 
able to obtain a variation rate Exfoliation is not produced though the variation rate of piezo-electricity / 
the electrostriction membrane type actuator is carried out, since it has sufficient adhesion. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing an example of the piezo-electricity / electrostriction 
membrane type actuator of this invention. 

Prawing 2] It is the perspective view showing other examples of the piezo-electricity / electrostriction 
membrane type actuator of this invention. 

[Drawing 3] It is the perspective view showing an example of common piezo-electricity / electrostriction 
membrane type actuator, 
pescription of Notations] 

1 ... Ceramic substrate 2 ... The first electric conduction film 3 ... The second electric conduction film 
4 ... Piezo-electricity / electrostriction film 5 ... Electrode layer 6 ... Bottom electrode layer 



[Translation done.] 
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